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i.

Abstract

The Human Powered Vehicle Competition (HPVC) is held annually by ASME at a few
locations. The University of Akron has competed in the ASME-East and ASME-West
competitions over the past handful of years against universities from all over the world.
Objectives of each team for the competition are three-fold: vehicle design, racing
performance, and innovation. Our senior design project involved working on the innovation
concept for ASME-East 2018 held at Penn State University during the weekend of 4/13.
Speed variable steering was decided upon by the entire HPVC team early in the design
process as the innovation choice for this year’s bike. It involves a mechanism that dampens
the steering automatically and gradually as bike velocity increases, thus making it more
difficult to turn the wheels at high speeds. Benefits of this innovation include increased safety
by reducing speed-wobbles, increased rider handling & stability, and decreased overall lap
times. There is also an established budget for the team and, in turn, the innovation
subdivision to operate within while designing and testing the product.
ii.

Post-Competition

Because the competition has taken place before this report’s due date, the final results from
ASME-East are available. The innovation concept performed well and succeeded in the
proposed benefits found in the following report. Our team results can be seen below. Note
that a field of 47 teams competed this year from across the U.S. as well as teams from Egypt,
India, and Puerto Rico. We are proud of our entire team’s performance this competition year.
Results:

2nd Overall
7th Design Report
3rd Innovation
1st Men’s Drag Race
2nd Women’s Drag Race
2nd Endurance Race
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1

Design Introduction

1.1

New Idea

The Speed Variable Steering Stabilizer—SVS2—is a concept developed to enhance rider
control within high-velocity vehicle applications. Whereas motorcycles utilize costly
hydraulic stabilizers, we sought to design an affordable and lightweight, nonetheless robust
system and bring it to the world of human powered vehicles. Our prototype will provide all
the benefits associated with steering control including rotational damping, variable
resistance, and uniquely: dynamic autonomy. To elaborate, our system’s differentiating
factor is that it will react to changing bike speeds and adjust the steering dampers
accordingly; high speeds will correspond to maximum resistance added while zero-to-low
speeds will be undamped.
This X-factor advantage is made possible via a linkage system comprised of brake cables and
springs, engaged by a linear actuator, and secured through simple fixtures. When the linear
velocity of the bike is increased through various checkpoints, an inductive sensor relays RPM
values from a rotating wheel to a linear actuator [1]. This actuator will then pull on one end
of our linkage. At the other end of the linkage are two springs connected at opposite ends of
the tie-rod—the connecting component between the front wheels—which adds steering
resistance to the system. A theoretical schematic can be seen in Figure 1 in the Appendix.
1.2

Need

Recumbent bikes have an aerodynamic edge over conventional uprights. This makes them
capable of reaching relatively high speeds of 50-70mph. Additionally, the dynamics of a
recumbent bike force the pedaling and steering directions to be parallel, a relationship that
is perpendicular in an upright bike. This means that in order to generate more pedaling force,
the steering handlebar is pulled with each pedaling motion. As higher speed ranges are
leveraged, steering control and stability become crucial to ensure rider safety. This drives
the idea of developing a stable steering method using springs and an actuator that would
self-center and prevent steer-off amplification at high speeds. In simple words, the bike goes
on a straighter path at high speeds, a concept utilized by the motorcycle industry which
exhibits a heightened concern for rider safety.
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1.3

Advancing HPVs

Until this point, HPVs at the University of Akron have had noticeable difficulties going
straight while accelerating. Also, once a near maximum speed is reached, a small turn of the
steering handlebar generates a larger diversion from the desired path. These issues have
been observed at the competitions as well. With the implementation of the SVS2, these
problems will no longer arise. Bikes with this technology will experience less push and pull
during acceleration due to the stable equilibrium of the system characterized by one spring
on each side of the bike. At high speeds, the actuator will be fully retracted, which will extend
the springs. This means that the handlebar will require a greater amount of force in order to
get it to move. Although more force is needed to turn, it is still a safe amount derived from
our calculations and testing. Another effect of the innovation is that once the handlebar is
turned, the springs will stabilize the steering motion back to center.
The ideas of more stability during acceleration and a greater required force to turn the bike
at higher speeds are HPV-advancing in and of themselves, but they are not the most
noteworthy aspects of the innovation that transform the current state of HPVs. Speed
variability is a concept that has not yet been implemented to any steering systems. While
motorcycles have systems capable of damping the steering, this damping force doesn’t
change with respect to linear speed. This is why the state of HPVs is truly being furthered by
this innovation.
1.4

Feasibility Study

To examine the feasibility of this type of system, it is easiest to look at each component
individually and decide whether it can be implemented effectively. A simple, discrete
inductive sensor measures RPM of the driving wheel. The sensor functionality is very simple;
it triggers an output when a target is present, so every time the defined target moves in front
of the sensor, that is one revolution. A linear actuator connected to extension springs, via a
high tensile brake cable (1500 MPa), on the tie-rod utilizes the RPM feedback from the
inductive sensor through an Arduino microcontroller, which is powered by an onboard 12 V
power supply, to change the actuator arm length with speed. This change in length extends
the springs a half an inch for every 10 mph increment (Figure 2), which increases the amount
of force needed to turn the vehicle. A traditional solution to this problem in automobiles is
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to implement a control system with dampers, however, springs were more convenient to
design a much lighter, cheaper, and feasible speed variable system.
2

Concept Evaluation

2.1

Prototype Functionality Evaluation

There are two prototype segments which require proof-of-concept testing during the
development phases of this project: the mechanical components & the electrical controls
coding [2,3]. The mechanical parts make up the assembly physically responsible for
stabilizing the steering and include the actuator, springs, rigid cables, modified eyebolts, and
hose clamps. Because the actuator is dependent upon functioning coded hardware, however,
that part was excluded from the purely mechanical prototype. Instead, we assembled all
other components and left the cable free where it would typically attach to the actuator—
essentially Figure 1 in the Appendix without the actuator. The free loop was pulled manually
to simulate actuator motion.
Figures 3 and 4, in Appendix, show the prototype developed to test this concept. To minimize
cyclic lateral deflection caused by driver’s alternating clenching forces on the handle, the
self-centering property of springs fit this application perfectly. Testing before assembling the
springs showed that a maximum of 9 lbs/handle was applied in cases of extreme turning.
Therefore, springs of stiffness 3.1 lbs/in were used to develop the stabilizing mechanism.
The springs were connected at three different extensions: 0.5 in, 1 in, 1.5 in, and 3-6 test
rides were conducted for each case. Also, a few initial runs were conducted without the
innovation added to provide something to compare the new data to. The test course was a
300 ft road being half-flat and half-uphill (3° gradient) topography. Riding one-way up the
course, taking a sharp turn of radius 8 feet and driving back to the start position (600 ft total)
composed one trial run. The course enabled the rider to get up to 20 mph, therefore the
system was tested up to 75% of its complete range of operation (i.e. 1.5 inches out of 2 inch
maximum extension).
Since the tie rod is the most active component for direct steering, a metal bar was placed
level on the tie rod and an MPU6050 6-axis accelerometer programmed to record lateral
vibrations was carefully attached to this level base as seen in Figure 3. The sensor
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communicated through an Arduino UNO microcontroller (Figure 4), and output digital ‘G
forces’ that represented real-time lateral vibration of the tie rod during the test run.
After acquiring data from test rides for the varying spring extensions, the data was processed
and analyzed in MATLAB [4]. Operating at its highest sensitivity, the sensor was quite
susceptible to vibrational noise. Therefore, a moving average filter was applied to the raw
data followed by an exponential moving average filter to achieve optimal signal smoothing.
From the various MATLAB graphs generated after applying the filters, the Maximum, Mean,
and Range of G-forces were calculated in Excel to better grasp each trial run. The best way
to decipher the results from the testing is by superimposing the best of each condition onto
one graph. This can be seen in Figure 5. Numerically speaking, a reduction of 0.7 G’s can be
seen between the trial run without the system and the trial run with a 1.5 inch extension,
seen in Figure 6. To further validate this significant difference, a one-way Analysis of
Variance Test (ANOVA) was conducted, to compare the average deflections measured for the
three conditions. A “p-value” of 0.002 (<0.05) indicated a strong difference between the
conditions with 95% confidence. Further, a post-hoc Tukey pairwise comparison revealed a
confidence interval for the difference between the means of No Ext and 1 in, and No Ext and
1 in. This range does not include zero, which indicates that the difference between these
means were significant, proving the effectiveness of the SVS2 prototype. These results can be
observed in Figures 7-9.
The electrical controls are responsible for sensing vehicle speed and relaying this to the
actuator which then pulls remaining mechanical assembly. A separate, standalone electrical
prototype was developed consisting of the wheel rpm sensor, circuit relays, batteries, and
the linear actuator. This prototype was driven by a direct connection to a laptop. By
simulating rpm readings—via physically moving the sensor—the team observed the
actuator plunger’s axial motion. The axial motion, when both prototypes are assembled
together, will be responsible for pulling the brake cable and spring mechanism described
above. At this point, the team is confident both prototypes could be pieced together
successfully on the vehicle as a final product before the competition.
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2.2

Benefit Study

The prime objective, being stabilization of the steering wheel at various speeds, leads to the
largest benefit: added vehicle control for the driver at high speeds. With a mechanism in
place to reduce, if not eliminate, steering wobble, we have designed an assembly which
combats infamous tricycle issues including shaking, tipping, and rolling.
It also lessens the rider’s dependence on castor to increase stability. Springs, unlike dampers,
in the SVS2 system do not alter the steering range, making it possible to make sharp turns.
When implemented in a drag race with full scope, this system minimizes stray-off and
facilitates faster run times. In MATLAB, the filtered acceleration data was integrated twice to
obtain deviation in terms of displacement (Figure 10, Appendix). This showed that SVS2
provided a 32% reduction in lateral deviation and saved 1.63 seconds in a 300 ft drag race.
This also provides the rider with additional safety during races which push the vehicle to its
operational limits. In the event that adjustments need made, the majority of the components
may be altered relatively quickly. By using hose clamps for most of the fastening, a simple
turn of a screwdriver will loosen significant parts for readjustment. This allows the team to
alter functionality of the SVS2 as quickly as minutes before a race.
2.3

Unanticipated Benefits

Although many of the benefits were directly designed for, our strategy yielded a couple extra
bonuses. Namely, the overall cost of the components and assembly was well under the
anticipated budget for the competition year. Whereas we began project planning with $1,000
allotted for the Innovation Team alone, we only utilized approximately 45% of the possible
funds. These savings were made possible by robust design with combinations of simple parts
(for example springs instead of viscous dampers), engineering ingenuity, and some
cooperative sponsorship via Progressive Automation for the linear actuator &
Pepperl+Fuchs for sensors. The savings have helped the entire team in this year’s
competition as well as competitions moving forward.
Durability is not commonly associated with low cost products, so we were fortunate to see
both benefits in our final design. The individual parts in the assembly are all formidable by
themselves, specifically high-tension brake line for linkage, a commercial linear actuator, and
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carefully calculated tension springs. We were pleased to afford sturdy, functional equipment
while budgeting efficiently. Additionally, when completely assembled, the unit added only 4
lbs to the bike!
3

Learnings

3.1

Failures and Learning Outcomes

One of the main failures that the group encountered occurred during the spring selection
process. To start the process, we ordered four different springs from Century Springs. The
reason we failed with the first set of springs we ordered was that they were too stiff and too
strong for our needs. This taught us about the concept of initial tension of a spring. The range
of the initial tension on the first set of springs we had was about 8-12 lbs. After testing these
springs and further examining their specifications, we recalled learning about initial tension
in class. Simply stated, it is the amount of force needed to overcome the pretension on the
spring and get it to move. The second set of springs we ordered from Century Springs had
around 2-4 lbs of initial tension. Additionally, two different kinds of springs were ordered
from McMaster-Carr with a much lower initial tension. Next, we did a weight test on these 5
different springs. Each loaded with 4 different masses, the displacement was measured, and
we calculated an average spring rate for each. From this testing, we concluded that one of
the springs from McMaster-Carr would best suit our purposes, specifically the springs with
a k value of 3.1 lbs/in.
The next failure that we experienced came from the initial sensor that we decided to use for
the RPM feedback from the rear wheel. We originally had a 30-millimeter barrel inductive
sensor from one of our sponsors, Pepperl+Fuchs. This sensor had about a 15-millimeter
range, pictures of which can be seen in Figures 11 and 12 in the Appendix. It turned out that
mounting this thick of a sensor was going to be challenging due to the diameter of the
aluminum frame not being big enough. Essentially, we needed a thinner sensor but couldn’t
really sacrifice too much sensing range. These are challenging requirements to meet alone,
but to make matters worse, a sensor with an extended voltage range was also necessary due
to the 12 volt battery onboard the vehicle. Most of the Pepperl+Fuchs sensors are specified
for a 10-30 volt power supply. With these stringent requirements, we were lucky enough to
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find an 8 millimeter barrel sensor with a 2 millimeter sensing range. As seen in the picture
(Figure 13) in the Appendix, the distance to trigger the sensor from a standard metal target
is very small, and too small for our capabilities. To combat this, we tried to extend the range
using a magnet. Without delving too far into the mechanics of an inductive sensor, it emits
an electromagnetic field that closes the internal circuit of the sensor when a metal is present.
Since a magnet has its own electromagnetic field, the fields of the magnet and sensor begin
interacting (closing the circuit) at a farther distance than a standard metal target. This can
also be seen in the Appendix (Figure 14) with the circular magnetic target that essentially
triples the sensing range of the sensor. This modification makes the 8 millimeter diameter
sensor perfect for our application.
3.2

Learning from Failure

Although failures were experienced, they provided useful insight into the functionality of the
innovation. Most importantly, the group realized the importance of finding the correct
spring. With too much initial tension to overcome, the force needed from the linear actuator
will be greater than what is available. If the spring is too easy to extend, then the effect will
not be felt by the driver of the vehicle. The failures had showed the thin margin of error in
the spring selection process. While discussing thin margins, our other failure also showed us
a literal thin margin that we had to work with in terms of sensor’s sensing range. The initial
sensor was too large width-wise but had a suitable sensing range. The next, smaller sensor
was easy enough to mount, but didn’t have a sensing range large enough. Somehow, a
compromise needed to be made. Luckily, using a magnet as the target will extend the sensing
range. This process taught us the importance of attention to detail. Even the smallest details
of the innovation need to be thought out, or else a similar failure could result. These learnings
were very valuable to the team, which goes to show that failure at the right time can lead to
positive results.
Also, initial CAD models explored the options of mounting pulleys to route the cables from
the springs to the actuator. Although the pulleys were suitable for this application, drilling
holes on the head tube of the frame could create stress concentrations. Also, prior to using
eyebolts, the springs were to be welded onto the tie rod. It was then realized that not only
was it difficult to weld spring steel, but it also rendered the springs non-replaceable. Analysis
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like this near the beginning of the project was very important to ensure both functionality
and feasibility of the SVS2.
3.3

Negative Aspects of the Design

Using dampers for this type of application is much more ideal, but a system using springs is
easier to implement as well as much more cost effective. This is one of the main negative
aspects of this design. Another minor negative is that the added components add weight to
the frame. Although it is not much weight, every pound counts in a competition such as this.
The heaviest item is by far the actuator at about 2 pounds. Next, the maneuverability of the
bike decreases as the springs extend. This is most noticed when making sharp turns, such as
U-turns, like we made in our prototype testing. The fourth negative aspect is that no real
benefit was seen at the shorter spring extensions. During the testing, the trials at half an inch
extension had no noticeable difference from the trials without the innovation. Related to this,
no difference was noticed when going downhill, no matter the extension. Intuitively, this
makes sense because pedaling is easier on a downslope, so using the innovation isn’t
necessary anyway.
4

Conclusion

All considered, the team is confident in our planning, preparation, design, and
implementation of this year’s innovation project. As shown through rigorous testing and
analysis, it is a robust product that could potentially be marketed to the rest of the human
powered vehicle world as it is priced affordably, is readily adjustable, and is customizable in
terms of anticipated speeds, handlebar torque, and race style. It does not add an
insurmountable amount of drag or assembly frustration either. The addition of our
innovation will increase the handling of any vehicle it is equipped to and will thus reduce
racing times for the competitors, and so this has been a successful endeavor to innovate &
improve the human powered vehicle competition moving forward.
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Appendices

Steering Mechanism Concept

Figure 1 -Theoretical Innovation Concept Schematic

Reactionary Flow Chart, Read from Left-to-Right
Linear Velocity Wheel RPM Actuator Displacement Damping Assistance
0-10 mph
0-170 rpm
1/2 in.
0 lbf-in
11-20 mph 171-335 rpm
1 in.
3 lbf-in
21-30 mph 336-505 rpm
1 1/2 in.
4.5 lbf-in
31-40 mph 506-670 rpm
2 in.
6 lbf-in

…

…

…

…

Figure 2 - Table Relating Speed Values to Actuator Displacement
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Prototype Testing

Accelerometer

Figure 3 - Prototype Concept with Extended Springs and Accelerometer

Arduino UNO

12 V Battery

Figure 4 - Arduino and Battery Placement on Prototype
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Prototype Testing Results

Figure 5 - Comparison of 4 Test Conditions
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Lateral Deflection
1.4

Acceleration in Gs

1.2
1
0.8
0.6
0.4
0.2
0

No Ext

0.5 in

1 in

Figure 6 - Final Lateral Deflection Average Values

Figure 7 - Tukey HSD Study of Correlation

1.5 in
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Figure 8 - One-Way ANOVA Test Results
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Interval Plot of Deflection vs Condition
95% CI for the Mean

2.00
1.75

Deflection

1.50
1.25
1.00
0.75
0.50
0.5 in

1 in

1.5 in

Condition
The pooled standard deviation is used to calculate the intervals.

Figure 9 - Residual Plot of Average Deflections

NO Ext
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Figure 10 – Deflection reduction with SVS2 system
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Sensor Testing

Figure 11 - Larger Sensor Testing; Housing too big to mount

Figure 12 - Larger Sensor Testing; Housing too big to mount
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Figure 13 - Smaller Sensor Testing; Sensing range too small

Figure 14 - Smaller Sensor Testing; Magnet increases sensing range

